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ABSTRACT An electrophoretically purified allophyco-
cyanin–linker complex, APzLC

7.8, from phycobilisomes of Mas-
tigocladus laminosus has been crystallized in the orthorhombic
space group P212121. Cryocrystallographic x-ray measure-
ments enabled the structural analysis of the complex at a
resolution of 2.2 Å. The asymmetric unit contains two side-
to-side associated ‘‘trimeric’’ (ab)3 allophycocyanin com-
plexes comprising the linker polypeptide in a defined orien-
tation inside the trimer. The linker representing a protein fold
related to the prosegment of procarboxypeptidase A is in
contact with only two of the three b-subunits and directly
interacts with the corresponding chromophores of these pro-
teins. In addition to a modulation of the chromophores’
spectral properties, the linker polypeptide attracts the ab-
subcomplexes, thereby bringing the b-chromophores closer
together. These results will enable interpretations of energy-
transfer mechanisms within phycobiliproteins.

Phycobilisomes are supramolecular light-harvesting protein–
pigment complexes of cyanobacteria and Rhodophyceae with
Mrs ranging from 5 million to 20 million (1). The complexes are
anchored to the cytoplasmic surface and localized above the
rows of dimeric or tetrameric photosystem II particles of the
thylakoid membrane (2). The phycobilisomes have been char-
acterized in numerous electron microscope (2), spectroscopic
(3), biochemical (4), genetic (5), and physiological (6) studies.
Two structural and functional domains, a centrally situated
allophycocyanin core, and a species-specific number of rods
radiating from this core are typical for all phycobilisomes. The
rods are composed of phycocyanin alone or, in addition,
phycoerythrin and, in some cases, phycoerythrocyanin (7).
The core consists of a bi- or tricylindrical central high-
molecular-weight protein complex (APCM) comprising allo-
phycocyanin (AP) and two copies of the anchor polypeptide
(linker protein LCM) and serves as backbone of the phycobili-
some and as structural bridge to photosystem II (8, 9). At both
faces of APCM, trimeric complexes of allophycocyanin B and
allophycocyanin APzLC

7.8, containing the low-molecular-weight
linker polypeptide, LC

7.8 (formerly LC
10, LC

8.9), are associated
(9–11). The three-dimensional structure, molecular composi-
tion, spectral properties, and adaptability of trimeric allophy-
cocyanins have been characterized (11–15).

In their native environment in phycobilisomes, all phyco-
biliprotein complexes are associated with mostly uncolored
linker polypeptides that are intrinsic parts of the subcomplexes.
The strict sequential assembly of trimeric phycobiliprotein
complexes to high-molecular-weight structures is only
achieved by the participation of these proteins (7, 16). The
linker molecules are strongly basic, and although they contain

a significant amount of hydrophilic amino acids, they have a
strong tendency to aggregate in aqueous solutions. Distinct
interactions between linkers and phycobiliproteins are pro-
posed to be involved in the folding of the tertiary structure of
the linker polypeptides as well as in the modulation of the
spectral and molecular properties of the phycobiliproteins (1,
4, 7, 8, 17).

The previously determined crystal structures of the main
phycobiliprotein classes allophycocyanin (12), phycocyanin
(18–21), phycoerythrocyanin (22), and phycoerythrin (23–25)
either do not contain linker molecules or show only their
general location because of disorder. The phycobiliproteins
with and without linker polypeptides crystallized mostly in
trigonal or hexagonal space groups occupying threefold axis of
symmetry, thus leading to statistical disorder of the linker
moiety (24). Therefore, neither structural analyses of the
linkers nor the elucidation of the linker-induced modulation of
the polypeptides and chromophores were possible. Here we
describe the crystallization and structure determination of a
phycobiliprotein–linker complex in an orthorhombic space
group where both phycobiliprotein and linker moieties are
ordered, allowing a detailed structural analysis and providing
insight into the complex molecular events within the naturally
assembled phycobilisomes.

MATERIALS AND METHODS

Strain, Growth Conditions and Preparation of APzLC
7.8.

Cells of Mastigocladus laminosus (Fischerella sp. PCC6703)
were cultivated under conditions where only traces of phyco-
erythrocyanin but the maximum amount of APzLC

7.8 are incor-
porated into the phycobilisomes (15). The purification and
analysis of APzLC

7.8 has been described in detail (9, 11, 15). For
storage of the sample and the following crystallization exper-
iments, the isolation buffer has been changed to ammoniumy
boric acid (100 mM:100 mM, pH 7.9). At this buffer condition
and 4°C, the concentrated (15 mgyml) biliprotein–linker com-
plex was stable for at least 3 months.

Crystallization Conditions and Cryocrystallography. Crys-
tallization was performed in hanging drops of 5–20 ml by vapor
diffusion in Linbro plates (Hampton Research, Riverside, CA)
at different temperatures. The growth of homogenous crystals
in the orthorhombic space group has been reproducibly ob-
served only at 27°C. Two crystallization conditions were
successful, and the resulting crystals have been analyzed.
Protein solution (7.5 ml; 15 mgyml) was mixed with 7.5 ml of
precipitation solution containing 640 mM Li2SO4 or 360 mM
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MgSO4, 8% or 6% (wtyvol) polyethyleneglycol 6000 and 24
mM or 18 mM Trisyboric acid (pH 7.9). The samples were
concentrated against 0.3 ml of the precipitation solution at
27°C for 72 hr. For cryomeasurements, the crystals were stored
at 4°C before transferring stepwise into the cryoprotectant
[300 mM Li2SO4 and 40% (wtyvol) polyethyleneglycol 1000].
After the last step, storage at room temperature was possible.

Data Collection and Crystallographic Evaluation. The best
data set of the APzLC

7.8 complex (diffraction limit 2.2 Å) was
collected on the wiggler beamline BW6 at DORIS (Deutsches
Elektronensynchrotron, Hamburg, Germany) with one flash-
frozen crystal at 100 K using a Cryostream cryosystem (Oxford
Cryosystems, Oxford) and a 345-mm image plate detector
(Mar Research, Hamburg, Germany). The data were collected
in two parts: high-resolution data were collected to 2.2 Å in
frames of 0.5° through a continuous angular range of 90°
followed by the collection of low-resolution data to 3.5 Å in
frames of 1.2°. The data were processed with MOSFLM version
5.51 (26) and scaled with SCALA version 2.43 (27).

Patterson searches were computed by using AMORE (28) and
a trimeric linker-free allophycocyanin model from Spirulina
platensis (12). The search model was generated from the
ab-monomer structure of S. platensis by applying the corre-
sponding crystallographic symmetry operators. For each of the
two molecules in the asymmetric unit, three distinct solutions
with correlation coefficients 13.7% above the highest noise
peak were found, each of which differed by a 120° rotation
around the trimer axis. The correlation coefficient containing
both asymmetric molecules was 56.0% above the noise. These
results were inspected and the complete model including the
linker molecules built by using MAIN (29). In a first step,
residues that differed between the search model and the
published M. laminosus sequence (30) were exchanged. At this
stage the crystallographic R factor was 37.33 (Rfree 5 36.12).
The linker molecule was initially introduced as poly-alanine
model by using both the Fobs 2 Fcalc difference electron density
and a 2Fobs 2 Fcalc-based density resulting from cyclic twofold
averaging about the local twofold in the asymmetric unit and
solvent flattening by using MAIN (29). After addition of the side
chains (31), water molecules were introduced by using ARP
(32). The entire process involved several cycles of model
inspection followed by positional and B factor refinement. In
some instances, simulated annealing was introduced with
XPLOR version 3.851 (33). The model inspection concentrated
exclusively on the linker model in the beginning and included
the entire molecular model of the complex as well as the water
molecules in the end. Initially the refinement was carried out
with noncrystallographic symmetry restraints between either
all six ab-monomers or the two molecules of the asymmetric
unit, but inspection of the relative change in R and Rfree with
and without noncrystallographic symmetry restraints led us to
abandon these restraints. During the final refinement cycles,
bulk solvent correction was applied. A direct space search for
alternate orientations of the linker within the trimer using
XPLOR proved that only one unique orientation of the linker
molecule within each trimer occurs.

The model quality was checked by using PROCHECK (34) and
SFCHECK (27), and the asymmetric unit was defined as the two
molecules that show the highest number of contacts by using
CONTACT (27). Except for Thr-74 of the b-subunits, which is
very well defined in the electron density and makes contacts to
the b-chromophore, all residues are in the most favored
(95.6%) or additionally allowed (4.1%) regions in the Ram-
achandran Plot (35). Data collection and refinement are
summarized in Table 1. The rotation of the monomers in the
trimer on binding of the linker were initially observed in Ca

plots comparing the symmetric allophycocyanin model (12)
with the two APzLC

7.8 molecules in the asymmetric unit.

RESULTS

Crystallization, Data Collection, and Assembly of the Unit
Cell. Crystallization of APzLC

7.8 in an orthorhombic space
group preferentially succeeds at higher temperatures (25°–
27°C) in the presence of boric acid, high salt concentrations,
and polyethylene glycol. The best crystals grew when the
solutions of polyethylene glycol and salt separated into two
phases. At similar conditions, regular crystallization of linker-
free allophycocyanin complexes has never been observed, thus
demonstrating the influence of the linker on the physical
properties of the phycobiliproteins. The crystallized complexes
contain the linkers in their natural amount and functional
activity, as shown by spectral analyses and electrophoreses.
Neither the starting sample nor the crystals show linker-free
allophycocyanin (results not shown).

The P212121 crystals have unit-cell dimensions of a 5 179.28
Å, b 5 156.51 Å, c 5 140.45 Å and a 5 b 5 g 5 90°. The
problems of an initial diffraction limit of 3.5–3.2 Å and crystal
degradation during measurement at 18°C could be solved by
cryocrystallography. A soaking procedure at 4°C, stepwise
transferal of the crystals from their mother liquor (harvesting
buffer) to the cryobuffer, data collection at 100 K, and the use
of more intense synchrotron radiation significantly improved
the resolution to 2.2 Å. During the soaking procedure and flash
freezing, the cell constants decreased to a 5 176.12 Å, b 5
151.90 Å, c 5 137.85 Å and a 5 b 5 g 5 90°.

The solvent content is 70% in the frozen crystal (Matthews
parameter 4.07). The assembly of the unit cell of the crystal
including all eight trimers is shown in Fig. 1. The asymmetric
unit consists of two trimeric complexes, referred to in the text
as molecule M and N. The different interactions between the
two molecules and their symmetry-mates within the unit cell
can be described as three almost orthogonal side-to-side
contacts as well as a relatively loose, slightly staggered back-
to-back contact. The closest association—one of the side-to-
side contacts—involves both a- and b-subunits. This contact is
located on a noncrystallographic diad, where each trimer is

Table 1. Summary of crystallographic analysis

Measurement Value

Data collection
Resolution limit, Å 2.2
Total reflections 637,968
Unique reflections 180,426
Completeness, % 96.6 (96.6)
Rsymm,*† % 6.9 (31.8)

Refinement
Resolution, Å 25–2.2
Number of non-H protein Atoms 16,184
Number of water molecules‡ 1,364
Rcryst,§¶ % 21.11 (30.74)
Rfree,§ % 25.68 (32.46)
Average B, Å2 34.6
rms deviation bond length, Å 0.009
rms deviation bond angles 1.806
rms deviation bonded B factors, Å2 2.586

*Values in parentheses correspond to the last resolution shell from
2.28 to 2.20 Å.

†Rsymm 5 ¥Ihi 2 ^Ih&y¥^Ih&
‡This count includes the 20 non-hydrogen atoms of the four B(OH)4

2

molecules.
§Values in parentheses correspond to the last resolution shell from
2.24–2.20 Å.

¶Rcryst 5 ¥Foh 2 Fchuy¥Foh, where Foh and Fch are the observed and
calculated structure factor amplitudes for reflection h.

iValue of Rcryst for 5% of reflections selected in 20 thin shells and
excluded from refinement. The Rfree selection was based on thin shells
rather than a random selection to reduce the correlation between the
Rfree and refinement reflections caused by NCS.
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tilted to opposite directions of the plane perpendicular to this
twofold axis, resulting in an approximate angle of 90° between
the two complexes. In principle, the complex composition of
the crystal cell can be attributed to the lateral association of
distinct a- and b-subunits of the allophycocyanin complexes. A
tetrahedrally shaped electron density interpreted as B(OH)4

2

was observed at the positively charged side chain of Arg-24 of
the two a-subunits in each trimer not involved in the contacts
between the two molecules in the asymmetric unit.

Structure of the Linker Polypeptide and Its Interaction with
the Trimer. The ordered orientation of the APzLC

7.8 complexes
within the crystal cell, as confirmed by direct space searches for
alternative linker orientations was a prerequisite for a suc-
cessful structural analysis of the intrinsic linker polypeptide
(24). Fig. 2A shows the Fobs 2 Fcalc electron-density map
contoured at 2.5s for molecule M resulting from the Patterson
search. This density map clearly shows the molecular bound-
aries of the linker polypeptide in contact with two of the three
b-subunits.

The linker polypeptide has an elongated shape and con-
sists of a three-stranded b-sheet (b1, Leu-3–Leu-9; b2,
Tyr-26–Pro-32; b3, Lys-49–Leu-55), two a-helices (a1, Leu-
22–Thr-25; a2, Tyr-33–Met-46), one of which has only about
one turn, and the connecting random coil segments, as
determined by DSSP (36). A search in the database for similar
secondary structural elements by using DALI (37) revealed
several hits with a good alignment to single domains of larger
structures, e.g., topoisomerase II (38) or the prosegment of
procarboxypeptidase A, which has two additional helices
(39).

The linker polypeptide is predominantly located between
two distinct b-subunits and directly interacts with the corre-
sponding chromophores of these subunits (Fig. 2). Despite the
generally acidic character of the trimer and the basic character
of the linker polypeptide, no clear clustering of charged, polar,
or hydrophilic residues is found at the protein–protein inter-
face. The surface area of the linker buried in the complex is
45.3%.

FIG. 1. Stereo view of the arrangement of APzLC
7.8 within the unit cell of the orthorhombic P212121 crystals. The two trimeric complexes building

the asymmetric unit are shown in yellow and cyan, respectively. Their crystallographic symmetry-mates creating the entire unit cell are in orange
and blue. The picture demonstrates that there are two types of contact between the two sets of molecules that can form the asymmetric unit, either
side to side or back to back. The figure was prepared in MAIN (29).

FIG. 2. Representation of the entire APzLC
7.8 complex. (A) Fobs 2 Fcalc Fourier map phased with the Patterson solution after exchange of those

residues that differ between allophycocyanin from M. laminosus and the replacement model from S. platensis (12). Blue, Fobs 2 Fcalc difference
electron density; yellow, Ca plot of the a and b subunits; orange, chromophores. (B) Ribbon plot. The a/b-subunits are represented in green and
the chromophores in pink. The methylated Asn-19 of the b-subunit is present in all three monomers and is shown as an orange ball. The secondary
structural elements of the linker polypeptide are represented in red, yellow, and blue. The linker polypeptide interacts directly with the
chromophores of only two of the three b-chromophores. Fig. 2A was prepared in MAIN (29) and Fig. 2B was made with MOLSCRIPT (48) and rendered
with RASTER3D (49).

Biophysics: Reuter et al. Proc. Natl. Acad. Sci. USA 96 (1999) 1365



Linker-Induced Structural Changes of the Complex. The
specific interaction of the linker polypeptide with the b
chromophores can be described as a tight contact including
polar and hydrophobic interactions between the N-terminal
residues of the long linker helix and monomer 2 of the trimer
(M2, N2). Insertion of the linker Phe-37 between Tyr-87 and
chromophore pyrrole ring B of monomer 2 results in a
displacement of both Tyr-87 and pyrrole ring B to opposite
directions, which leads to a change in conformation of this
chromophore as well as a break of the stacking interaction
between Tyr-87 and pyrrole ring B observed for the other two
monomers in the complex structure (Fig. 3).

The second linker–chromophore interaction is character-
ized almost exclusively by charged and polar residues in the
loop between b strand 1 and the short a-helix of the linker
polypeptide, which is located on top of the otherwise solvent
exposed side of the chromophore of monomer 1 (M1, N1). No
distinct conformational change of this chromophore is ob-

served. However, the presence of this loop certainly changes
the surrounding of this chromophore with respect to either the
linker-free allophycocyanin or the third chromophore (mono-
mer 3), which has no linker contacts. These two clearly
different interactions between the linker polypeptide and two
of the three b-chromophores, along with the fact that the third
b-chromophore remains solvent-exposed, break the threefold
symmetry between the three b-chromophores as observed in
the crystal structure of linker-free allophycocyanin (12).

In more general terms, the trimer is contracted toward the
pseudo-threefold axis and its hourglass-like shape becomes
more flattened on binding of the linker polypeptide (Fig. 4).
This change is achieved by a slight rotation of the three
monomers bringing mainly the b-chromophores closer to each
other. The distance between the b- and their nearest a-chro-
mophores remains unchanged within the error of the crystal-
lographic structural analysis. Interestingly, the two trimers
within the asymmetric unit show distinctly different positions

FIG. 3. Stereo representation of the interaction between the linker polypeptide and monomer 2. The Ca-aligned structures are shown for the
symmetric, linker-free allophycocyanin (blue), monomer 3, which has no interaction with the linker polypeptide (red), and monomer 2 (yellow),
which interacts with the N terminus of the long linker a-helix (orange). Water molecules are omitted for clarity. Phe-37 of the linker inserts between
Tyr-87 and the pyrrole ring B of the corresponding b-subunit displacing both to opposite directions and disrupting the stacking interaction between
the two aromatic ring systems, which is seen at the other two b-chromophores of the linker containing trimer. This figure was prepared in MAIN
(29).

FIG. 4. Comparison of the molecular outlines of the symmetric, linker-free allophycocyanin (12) and the linker-containing complex (A and B)
as well as an exaggerated schematic representation (C–E): The symmetric allophycocyanin (blue or dashed lines) is compared with molecule M
(orange) in front view (A) and molecule N (red) in side view (B). On binding of the linker, the entire complex collapses toward the pseudo-threefold
axis (C) and the ayb-ring becomes flattened (D and E) because of a rotation of the monomers as indicated by the arrows. In molecule M the linker
inserts further into the trimer (D), resulting in a larger movement of the chromophores toward the pseudo-threefold axis, but with a slighter
displacement of the chromophores to the right as compared with molecule N (E). These outlines were prepared by using an edge-detection filter
and GRASP surface representations of each molecule (50).
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of the linker polypeptide with respect to their corresponding a-
and b-subunits. The structure of the two linker molecules, i.e.,
the positions of the Ca atoms, is very similar (Fig. 5). In
molecule M, the linker is inserted deeper in the interior of the
trimer, resulting in a stronger contraction of the chro-
mophores. Molecule N is located about 3 Å closer to the edge
of the trimer, forcing a stronger displacement of the chro-
mophores in that direction and less contraction of the chro-
mophores toward the pseudo-threefold axis (Figs. 4 and 5).
These two different positions of the linker polypeptides,
together with the relatively high B factors of the linkers in
comparison to the a- and b-subunits and water molecules
(average B factors: LCoM, 56.1 Å2; LCoN, 74.4 Å2; trimer M,
34.1 Å2; trimer N, 30.0 Å2; chromophores, 27.8 Å2; waters, 40.6
Å2), indicate some variability in the positioning of the linker
polypeptides with respect to their associated a- and b-subunits
within the complex.

DISCUSSION

Arrangement of the Unit Cell. The occurrence of a hitherto
uncharacterized microheterogeneity of the a- and b-subunits
within nearly all allophycocyanin core complexes of various
cyanobacteria and even rhodophytes reflects the multiple
functions and recognition mechanisms that arise from the
face-to-face, side-to-side, and side-to-face interactions of the
core constituents (4, 9, 11, 15, 40, 41). Because of the heter-
ogeneous subunit composition, especially in the a-subunits,
the naturally occurring side-to-side association, and the excel-
lent stability of APzLC

7.8 in a wide range of experimental
conditions, this molecule has been selected for crystallization
of a biliprotein–linker complex in a space group deviating from
the threefold symmetry.

The close lateral contacts involving distinct a- and b-sub-
units of APzLC

7.8 are primarily responsible for the architecture
of the unit cell. The ordered location of the linker within the
trimer may be a consequence of the asymmetric crystal
packing. The linker is, however, not directly involved in crystal
contacts. A biological significance of the side-to-side contacts
cannot be deduced, because the angle of approximately 90°
between the side-to-side-associated APzLC

7.8 trimers within the
crystals is incompatible with results from electron microscopy
studies of the phycobilisome core (2, 10, 42). The weak
back-to-back contacts seen in the APzLC

7.8 crystals, however,

may be comparable to the native interactions of neighboring
cores stabilizing the phycobilisome arrangement within rows
(2, 15, 43).

Interactions of the Linker Within the Allophycocyanin
Trimer. The linker polypeptide is preferentially located be-
tween only two monomers of the trimeric complex and binds
via multiple charged, polar, and hydrophobic contacts to the
protein chains of these monomers and especially their b-chro-
mophores. This result is not consistent with a previously
postulated threefold symmetric shape of the LC

7.8 coordinating
the three ab-monomers by hydrophobic interactions (13). The
linker fits into the trimeric allophycocyanin readily and causes
only very small deformations of its structure (Figs. 2 and 4).
Other studies of the reconstitution behavior of allophycocya-
nin with and without linker revealed that the trimers assemble
without participation of the linker, whereas the folding of the
linker depends on the presence of at least monomeric sub-
complexes (44, 45).

Concerning the chromophore modulation, it is clearly shown
that the linker differentiates the energetically coupled ab-
chromophore pairs into three species. Interestingly, the loca-
tion and orientation of the a chromophores in relation to the
b chromophores is not significantly affected by the association
of the linker polypeptide. This fact gives evidence for the
continued strong coupling of the ab-chromophores, which is
confirmed by energy-transfer studies (3, 14). The influence of
the linker polypeptide on the spectroscopic properties of
allophycocyanin can be exemplified by the comparison of its
absorbance with and without linker. The enhanced near-UV
absorbance ratio of the linker-free allophycocyanin originates
from a statistical proportion of weakly stabilized chro-
mophores (46). In addition to the general coordination and
stabilization effect, the influence of the linker is expressed by
the bathochromic absorbance shift to 653 nm and the de-
creased shoulder near 620 nm of APzLC

7.8. Resonance coherent
anti-Stokes raman scattering (CARS) spectroscopy demon-
strated the effect of the aggregation states (monomer and
trimer) on the geometry of the chromophores of both subunits
and in addition, geometrical variations of chromophores de-
pending on the linker association (47). The results of the
present study prove that the bathochromic shifts are exclusively
caused by the charged and polar contacts of the linker with the
b-chromophore of monomer 1 as well as the conformational
change of the b-chromophore of monomer 2. The entirety of

FIG. 5. Comparison of the structure of the linker polypeptides of the two molecules in the asymmetric unit. On the right the linker Ca-atoms
are aligned directly by an rms procedure. On the left, the linkers are shown after rms alignment of the Ca-atoms of the two trimers in the asymmetric
unit. The two linker molecules are very similar. However, the linker in molecule M (yellow) is shifted by about 3 Å to the left with respect to the
molecule N linker (orange). Part of the Ca-trace, as well as the chromophores of molecule N, is shown as reference in red and blue, respectively.
The figure was prepared in MAIN (29).

Biophysics: Reuter et al. Proc. Natl. Acad. Sci. USA 96 (1999) 1367



the linker-induced effects, modulation and stabilization as well
as attraction of the chromophores, optimizes the directed
energy transfer within the molecule and between the constit-
uents of the core.

The Protein Fold of the Linker. The flat and elongated
shape of the linker polypeptide as well as the small core formed
by its secondary structural elements raises the question
whether this peptide adopts a stable fold in solution. A definite
answer must await structural studies of isolated APzLC

7.8 mol-
ecules, but several experiments indicate that the shown struc-
ture is stabilized in complex with allophycocyanin: the pres-
ence of at least monomeric subcomplexes is required for
successful refolding of the linker polypeptide (44, 45). The
linker shows a general high tendency toward aggregation even
though its surface properties are typical for soluble proteins.
The extended coil segments at both termini and the large loop
between the first b-strand and the short a-helix have no
tertiary contacts to the core of the structure.

Functional Aspects of the Linker–Allophycocyanin Associ-
ation in the Core Environment. One noteworthy result of this
work is the different penetration depth of the LC

7.8 into the
trimers, resulting in a varied structure of the allophycocyanin
complexes. The high B factors of the linkers and the different
structures of chemically identical trimers may be indicative of
a dynamic fluctuation between distinct energetic states, which
also are realized in the phycobilisome core. The adjustment of
the energetic state will probably be influenced by the anchor
polypeptide, LCM, coordinating the assembly of the complexes
and the energy distribution within the core. The complete
integration of the linkers into the trimers makes the previously
postulated purpose of the LC

7.8 as a capping protein terminating
the association of trimeric allophycocyanins to the core un-
likely (13). Instead, specific interactions between LCM and LC

7.8

are suggested to enable the correct positioning of APzLC
7.8 and

allophycocyanin B at both sides of the integral allophycocyanin
complex, APCM (9, 15, 40).
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